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Cattail, Typha dominguensis, is commonly found in large quantities throughout the wetlands of North and Central America. Often
considered a nuisance, it can grow rapidly and literally expand to cover the landscape in a short period of time. Several regions
have experienced dramatic increases in cattail growth in recent years. These regions include vast areas in North, Central, and South
America. Nutrient levels (N, P, and K) were measured in samples collected within the rice fields, in the tailwater, and within the
Typha dominguensis dominated wetlands. These levels were referenced to the water entering from the irrigation system to determine
the degree of nutrient transport and to determine their impact on the biota of the wetlands. Data supports the supposition that Typha
dominguensis growth increase dramatically as a result of the infusion of nutrients from agricultural runoff. The data accumulated in
this study also indicate that the Typha dominguensis has the propensity to absorb very large amounts of these nutrients, especially P,
and to act as a giant sink for those materials. The implications of these finding may be significant as Typha dominguensis could provide
an important tool for bioremediation of wetlands contaminated with P and other nutrients which become pollutants when used in
excess and are usually associated with agricultural runoff. At the same time, this plant species could also prove useful in environmental
forensics investigations tracking the occurrence and passage of contaminants associated with agricultural runoff (especially P).
Keywords: Typha, wetlands, phosphorus (P), geographic information system (GIS), Costa Rica, phytoremediation
Previous research (Bramstedt, 2002; Kays, 2000) has strongly
indicated that Typha dominguensis (Typha spp.) concentrations
increase when P becomes available for plant use. The Ever-
glades region of Florida has experienced a tremendous explo-
sion of T. dominguensis as a result of nutrient infusion from the
agricultural runoff from the states’ citrus and sugar crops (Kays,
2000). The amount of P that is used up by these crops range from
5%–10% of the total applied. The remainder of the nutrient is
subsequently transferred by runoff into the wetlands resulting
in the rapid growth of T. dominguensis (Bramstedt, 2002).
Geographic information system (GIS) data and personal in-
terviews (M. B. McCoy, personnel communication, July 28,
2002) indicate that the region within and surrounding the Palo
Verde National Park of Costa Rica (Figure 1) has experienced
a tremendous increase in the growth of the cattail species, T.
dominguensis. In the past 15 years, T. dominguensis has ex-
panded from a few small communities to covering an estimated
8,000 hectares (Jimenez et al., 2001).
T. dominguensis grows well in most locations that have am-
ple water supplies and can become the dominant biota when the
nutrients from agricultural production wash into the wetlands
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(King, 2001). These nutrients, primarily N, P, and K, are advan-
tageous to crop production and are applied in liberal amounts
as chemical fertilizer. Tailwater from field irrigation transports
these excess nutrients into the local waterways. The impact of
these nutrients on stream and wetland ecology can be dramatic
(Adcock et al., 1995). Huge nutrient influx into the streams,
coastal wetlands, and bays of North Carolina after Hurricane
Hugo resulted in algal blooms, eutrophication, fish kills, and hy-
poxia (Osmond et al., 2002). Research and widespread observa-
tion has demonstrated that plant diversity in wetlands decreases
with nutrient infusion (Bedford et al., 1999). T. dominguensis
are among the most ubiquitous and competitive wetland plants
in the world. T. dominguensis invasions are particularly common
in degraded wetlands resulting in reduced biodiversity and the
loss of important ecosystem services (Osland, 2009).
Palo Verde National Park has a natural environment capable
of supporting one of the largest concentrations of waterfowl and
wading birds, both native and migratory, in the world. The area
also includes some of the best patches of dry forest remaining
in Central America, with giant pochote, cedro, and guanacaste
trees (McCoy and Rodriquez, 1994).
Management approaches that reduce Typha dominguensis
dominance, increase diversity, and restore or maintain wetland
ecosystems are of great importance in maintaining the ecology
of this region (Osland, 2009).
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Figure 1. Map of the testing sites at Palo Verde, Costa Rica. Square boxes are test sites within the rice fields; dots are testing sites within the Typha
growth. Water enters the rice fields from Arenal canal located just north of the area shown on the map, travels through the fields and La Mula drainage
creek, and exits into the wetlands at the first bridge. The water then traverses the wetlands to the last checkpoint at Bridge #2.
Two general events contributed to vast ecological changes
within the Tempisque River basin of Costa Rica during the
1980s. First, a large tract of land was purchased by the Costa
Rica National Park system to preserve the natural wetlands for
migrating waterfowl. As a part of the conversion to a migratory
bird sanctuary, all T. dominguensis were excluded from the park.
The second factor was the construction of the canal system
bringing irrigation water from the Arenal Volcano. Prior to this
period, water resources in the area were not sufficient to support
extensive agriculture. The addition of water from Arenal allowed
the local farmers to substantially expand the production of rice
in the region (Jimenez et al., 2001). The Arenal–Tempisque
irrigation district is administered by the Sevicio Nacional de
Reigo y Avenamiento (SENARA) and currently supplies water
for approximately 20,000 hectares of agriculture land, most of
which is planted in rice and sugar cane (Hazell et al., 2006).
The amount of irrigated land is expected to double by 2012
(Arriagada, 2004).
These changes have caused a shift from traditional agricul-
ture to intensive modern agriculture, which utilizes increasing
amounts of fertilizers and pesticides. This shift in turn has lead
to increased levels of nitrates, phosphates, and other chemicals
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Figure 2. Graph of the P content within the test area. Test sites 1–5 are numbered consecutively from the top of the map in Figure 1. Site 6 is tailwater
at the first bridge. Site 7 is water exiting the wetlands at bridge 2. The canal measurement was made in the delivery aqueduct. The well is located at the
research station at Palo Verde, Costa Rica.
in the drainage water (Hazell et al., 2006). Irrigation water is
plentiful and is used in vast excess of the amount required by
the crop. Average water efficiencies for the Arenal–Tempisque
watershed, of which Palo Verde is a part, are less than 40%
(Hazell et al., 2006). Excess water drains as tailwater from the
fields into the surrounding dry forest and savanna area and
eventually into the wetlands found along the Tempisque River.
The biota within the entire area has undergone vast changes
(McCoy and Rodriguez, 2002). Palo Verde is located within
tropical dry wetland with monsoon type seasonal variations in
rainfall. Xerophytes (desert plants) once found throughout the
area have succumbed to the onslaught of the waters. The regions
around the park are now inundated by water exceeding more
than 1 m in depth. The complexity of the entire system has un-
dergone dramatic change (McCoy and Rodriguez, 2002, Hazell
et al., 2006). Research (Zelder and Kercher, 2004) note that
changes in land use result in rapid expansion of T. dominguen-
sis. It has spread invasively and aggressively across, not only the
areas adjacent to the paddies, but into the savanna and across the
wetlands. Less than 20 stands of cattail were found in the basin
in 1985. In 2003, more than 50% of the 15,000 hectare wetlands
were covered by dense stands of T. dominguensis (McCoy and
Rodriguez, 2002).
The three basic objectives of this study were to establish that:
1. Excess P was being introduced into the wetlands as a result
of rice production;
2. P was being removed from the tailwater by various chemical,
biological, and mechanical processes within the wetlands;
and
3. T. dominguensis was a significant factor in the removal of P
and thus may be used as a tracer for fertilizer pollution.
Any possible correlations established between different con-
taminants associated with agricultural runoff and the growth of
T. dominguensis may be of further interest for an environmental
forensics investigation indicating the occurrence and evolution
in time of contamination and helping identify the source and
passage of such contamination through wetlands.
Methods
The GIS at Palo Verde National Park was used to locate an area
that supported extensive growths of T. dominguensis in conjunc-
tion with the production of rice (Figure 2). The area selected lies
just outside of the park (10◦20′35′′N latitude, 85◦20′25′′W longi-
tude). The rice paddies were created in 1999 and have produced
rice crops on a regular basis since that time. Water enters the
rice fields through an irrigation system that obtains water from
the Arenal–Tempisque irrigation district. After use, the water
exits the paddies and crosses a savanna area that was once a part
of a local hacienda. Tailwaters inundate an area 5 km by 4 km
before entering the parkland. Various savanna grasses and Palo
Verde trees once covered this region, however, since the influx of
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water from the rice, growth of T. dominguensis is extensive and
dense. T. dominguensis sampled as a part of this study averaged
29 plants/square meter, with a height of 4.1 m and a diameter
of 16 cm. In comparison, T. dominguensis in areas not affected
by nutrient infusion from agriculture averaged 3 plants/square
meter and were < 2 m in height and <2.5 cm in diameter.
Water enters Palo Verde Park after passing beneath a small
bridge at the south of the map and enters the wetlands of the park.
The depth of the water at this point is 1.5 m. No T. dominguensis
was found in this area prior to 1999 (Arrezo et al., 2001, McCoy
and Rodriguez, 2002), thus it was deduced that the growth was
precipitated by the creation of the rice paddies and the subse-
quent run-off of nutrients.
Previous water studies within the region (Arrezeo et al., 2001)
suggest that excessive P is released from the rice fields. To
determine the extent of the nutrients (N, P, and K) exiting the rice
fields, water samples were collected at the primary SENARA
canal servicing the area. The canal is lined in concrete; thus
the water is minimally affected in terms of its chemistry. The
water from the canal is used as the baseline samples from which
changes are detected. Collection sites involved several paddies
representing various stages of plant production and are indicated
numerically in square boxes on the map (Figure 2). Additionally,
water samples were collected from the adjacent canal, from a
point just outside the T. dominguensis growth, at increments of
50 m along a transect line running into the cattail and at the
bridge where water enters the park (Figure 2 [dots]).
A total of three replications were collected from the surface
at each site using United States Geological Survey protocol
and tested at each site (Figure 2). The environmental water kit
(Freshwater Aquaculture Kit, Model FF-1A, Hach Company,
Loveland, CO), was used to test total N, P, K, and bicarbonate
levels. Total dissolved solids, pH, and water temperature were
measured in the field using an Orion meter (ORION Model
162A Orion 162A conductivity meter, Orion, Environmental
Instruments, Beverly, MA). Each replication was measured at
the surface and at increments of 0.5 m in depth where water
depth allowed.
Several chemical and biological processes combine to re-
move metals and contaminants from the water entering the wet-
lands. Removal mechanisms include cation exchange, chelation
with wetland soils, binding with humic materials, precipitation
as salts, as well as uptake by plants, algae, and bacteria (United
States Environmental Protection Agency [US EPA], 1993).
Wetlands have the ability to act as a sink for many contaminants
and nutrients. Exchanges between dissolved metals and humic
acids in the substrate of the wetlands and can cause significant
reduction in metal concentrations. Pollutant-removal efficien-
cies for a specific wetland or riparian area may be the result
of a number of different factors linked to the various removal
processes including types of soil and slope, vegetation type, and
the frequency and duration of flooding (US EPA, 1993).
Vertisol is the primary soil found in the Tempisque district. It
is characterized by high clay content and allows little infiltration
of surface waters (Gallaher, 2003, Hazell et al., 2006). Since
infiltration results are minimal, this study focused on the role
of T. dominguensis, the dominant vegetation in the wetland, in
P removal. Previous studies (US EPA, 1993; Dao, 2003) have
demonstrated that plants have the ability to remove metals and
contaminants from the wetlands and to incorporate them into the
biomass of the plant itself. The role of additional factors in the
removal process need to be examined closely in future studies.
T. dominguensis samples (leaves and stems) were collected
from the site and air-dried at 35◦C for a period of 3 days. The
resultant material was than shredded into small pieces by placing
into a blender for 60 seconds. Of the organic matter, 250 g
was dissolved into 1 L of distilled, deionized water for 1 hour
using the cold-water extraction method. The resultant material
sample extract was than filtered through a 1-mm screen and the
dissolved organic matter ((DOM) analyzed for values of N, P,
and K (Figure 3) as well as for pH and total dissolved solids.
Repetition was conducted for a period of 6 days to examine the
P retention of desiccated T. dominguensis tissue. In a similar
study (Osborne et al., 2007) found T. dominguensis to contain
one of the largest ratios of total P versus organic content of any
of the wetland plants he investigated containing 0.342 g/Kg-1.
Results and Discussion
Data presented in Figures 2–5 indicates that P concentrations
vary throughout the study area with greatest concentrations
found within and directly adjacent to the rice paddies. Base-
line samples drawn from SENARA canal show P levels of
<0.5 ml/L and those from the water well at Palo Verde at
2.2 ml/L. In comparison, P in the rice fields ranged from a low of
6 ml/L in a fallow field to 14 ml/L in a flooded field. Tailwater ex-
iting from the paddies at the bridge (Figure 4, point 6) contained
11.5 ml/L of P.
Previous studies (US EPA, 1993; Zedler and Kercher, 2004)
have shown that nutrient levels, including P reduce rapidly
within wetland. P rates dropped dramatically within meters of
entering the wetlands and dense growth of T. dominguensis.
Within meters, P levels had dropped to 0.05 ml/L and continued
to decrease with linear distance. Data collected within the T.
dominguensis showed P content at levels inversely proportional
to the linear distance traveled into the cattail (Figure 3). There
was no noticeable difference between samples collected at dif-
fering depths. N and K levels were elevated within the paddies
but decreased substantially in the tailwaters.
Water tests obtained from the DOM obtained from desic-
cated T. dominguensis demonstrated that the T. dominguensis
absorbed huge amounts of P within the plant tissue. DOM ex-
tract from a 500-g mass of tissue resulted in P analyses ranging
from 14.5 ml/L to more than 16 ml/L (Figure 3). Even after
1 week of repeated dewatering and extraction of the same tis-
sue, P levels exceeded 3 ml/L. In comparison, a study conducted
by Dao et al. (2002) to measure P and N retention in five wet-
land species demonstrated a high P content of 1.3 ml/L in Juncus
effusus and the low of 0.2 ml/L in Phalaris arundinacea. It is
significant to note that the tests by Dao et al. were conducted
D
o
w
n
lo
ad
ed
 B
y:
 [
Co
x,
 H
an
na
h]
[i
nf
or
ma
 i
nt
er
na
l 
us
er
s]
 A
t:
 1
3:
34
 6
 A
pr
il
 2
01
0
106 C. J. Varnell et al.
0
2
4
6
8
10
12
14
16
18
Day 1 Day 2 Day 3 Day 5 Day 6
pp
m
       Phosphorus Nitrogen Potassium
Figure 3. Graph of the concentration of N, P, and K in Typha extract. The extract was obtained by analyzing dissolved organic matter (DOM) using the
cold-water extraction method. Data indicates dewatering the same sample each day for a 6-day period
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Figure 4. Graph of the decline of P per linear distance at test sites. Bridge #1 is the collection point for tailwaters from the rice fields. The beginning of
dense growth of cattail is indicated at 0 m, and at 4.5 km is Bridge #2.
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using total Kjeldahl P concentrations in plant tissue digests
rather than cold water extraction.
The propagation and expansion of T. dominguensis into a
new ecological area could prove invaluable in environmental
forensics investigations as a tool that is indicative of the pres-
ence and passage of contaminants associated with agriculture
runoff. In addition, further research could determine the value of
utilization of T. dominguensis as a tool for the bioremediation
of wetlands contaminated by excessive agricultural nutrients
(especially P).
Conclusions
P levels within the Arenal–Tempisque irrigation district are el-
evated as a result of agricultural activities. This excessive in-
fusion of nutrients has produced an environment in which T.
dominguensis can grow profusely. In one regard, T. dominguen-
sis performs an invaluable service in that it absorbs many of the
extra nutrients (and possibly insecticides, pesticides, and heavy
metals) from the rice production. This reduces the nutrients en-
tering the Tempisque River and eventually the coastal estuaries.
In another regard, T. dominguensis creates a problem for the
park because it prevents the growth of other plants. It covers
much of the open water region of the wetlands and, as a result,
the waterfowl avoid the park because they cannot see predators
such as crocodile, snake, and iguana that are hidden within its
margins. This causes additional problems for farmers because
these flocks than land on farmed land and deplete their crops.
Even though the T. dominguensis is regarded as a nuisance
in the Palo Verde Park area, the fact that it absorbs P and ex-
cessive nutrients could make it a very valuable asset to regions
where P must be reduced (Motivans and Apfelbaum, 1987).
Additionally, T. dominguensis could prove a valuable tool for
forensic investigations to indicate the occurrence and passage
of contaminants associated with agricultural runoff, storm water
events, and wastewater leaks.
Research is currently being conducted to determine markets
for the cattail. If a viable market can be established where the
cattail can be removed at a profit, the plant many regard as a
problem can become a valuable asset in maintaining the quality
of our waterways as well as providing an important forensic tool
in contaminant detection.
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